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In many countries, environmental risk 
assessment is still based solely on 
chemical analyses that do not suffice 
to evaluate the complex toxic effects 
on the environment. This latter derives 
from the combined effects of 
chemicals, their decomposition 
products, and the physical environment 
can only be evaluated by biological 
test using biomarkers (McCarthy and 
Shugart, 1990). Biomarker analysis of 
field-collected organisms can provide 
information on the status of the 
environment, avoiding the need and 
uncertainty inherent to the 
extrapolation of laboratory results 
(Menezes et al., 2006). Biomarkers are 
defined as a change in a biological 
response, ranging from molecular to 
cellular and from physiological 
responses to behavioural changes 
which can be related to the toxic 
exposure or to the toxic effects of 
environmental chemicals (Depledge et 
al., 1995). The use of selected 
biomarkers has become attractive and 
useful for monitoring environmental 
quality and the health of fish 
inhabiting polluted ecosystems 
(Fernandes et al., 2008). Fish are 
largely used for the assessment of 
aquatic environment quality and are 
accepted as bio-indicators of 
environmental pollution (Borkovic et 
al., 2008). Fish, in fact, live in very 
intimate contact with their 
environment, and are therefore very 
susceptible to physical and chemical 
changes which may be reflected in 
their blood components. It should be 
noted that haematological indices are 
of different sensitivity to various 
environmental factors and chemicals 
(Adeyemo, 2007). Obviously animals 
did not show a consistent response to 
all stressors, and the physiological 
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changes vary with the species and the 
stressor (López-Olvera et al., 2006), so 
stress indicators must be established 
for each species and circumstance. The 
haematological profile represents a 
good indicator of physiological 
dysfunctions (Elahee and Bhagwant, 
2007) and it provides information not 
only about the health status of fish and 
the physical and chemical parameters 
of water in which they live, but even to 
evaluate  the relationship among these 
factors and correlate them with the 
status of health of organism respect to 
environmental conditions (Elahee and 
Bhagwant, 2007; Debala Devi and Usha 
Anandhi, 2010; Maceda-Veiga et al., 2010; 
Ayoola et al., 2011). 
Species used in biomonitoring 
programmes should be sensitive and 
the measured biomarkers should give a 
consistent response. Moreover, to 
assess the local detrimental effects of 
pollutants reliably on marine biota, a 
non-migratory species is 
recommended. G. niger, generally 
called black goby, is a euryhaline 
teleost fish that can live in brackish 
waters and is common in estuaries and 
lagoons. This led us to consider the 
black goby as a good model organism 
because it is a territorial species living 
and feeding at the bottom on sediment. 
This species has an important 
ecological value (Filiz and Toğulga, 
2009) and an important role in the food 
chain in Faro Lake. It is also found in 
polluted and unstable environments, in 
which their skeletal abnormalities 
(Cunha and Antunes, 1999) and 
impaired hematological parameters 
(Katalay and Parlak, 2004) are 
considered as indicators of pollution. 
Our previous work reported the 
hematological changes in this species 
caught in different site confirming the 
use of black goby as model organism 
to study the pollution conditions in the 
Mediterranean areas (Fazio et al., 
2012a). In particular, it is known that 
the male of this species is more 
susceptible respect to female to 
environmental and water quality 
changes.  The male builds the nest 
under shells or stones and they guard 
eggs: these behaviors force him to stay 
in close contact with the bottom and to 
be exposed most from changes in the 
sediment.  
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Figure 1: Map of the study site (a) and fishing method (b). 
 
In the present study, 20 specimens of G.  
niger, caught in three different sites (6 fish 
from F1, 6 from  F2 and 8 from F3) of  
Faro lake (Fig. 1), were used with the aim 
to assess the influence of water quality on 
some blood parameters. The three stations 
were selected randomly and the distances 
among them were about 3 m.  Faro is a 
small meromictic marine pond (26 ha), 
locate close to Capo Peloro (Eastern 
Sicily; 38°15’57” N; 15° 37’ 50” E). It is a 
circular basin with a 500 m diameter, and 
is deeper in its central part (30 m), whereas 
its mean depth ranges from 0.5–5 m 
(Manganaro et al., 2009). The fish were 
caught with bottom-set nets placed on 
bottom in May 2010. All animals captured 
were considered as healthy on the basis of 
their external appearance, the absence and 
of obvious sign of disease and considered 
male and sexually mature on the basis of 
their length and weight (Bouchereau and 
Guelorget, 1998).  
At the same time of fish collection 
water samples were collected in F1, F2 and 
F3 at 50-80 cm below the water surface 
with plastic containers of 2 L , previously 
treated with a solution of 0.1 N HCl.  
Temperature, salinity and dissolved 
oxygen were measured in situ using a 
multiparametric probe YSI 85 System and 
pH by a HANNA HI 83140 pH- meters. 
To assess the other parameters, water 
samples were kept in an icebox and carried 
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to the laboratory in glass water sampling 
bottles. Water samples were screened 
through a 200 μm mesh net in order to 
remove large zooplankton and debris. Sub-
samples (500–2000 ml) were filtered onto 
pre-washed, pre-combusted (450 °C, 4 h) 
and pre-weighed Whatman GF/F filters 
(0.45 μm nominal pore size).  
Total suspended matter (TSM) 
determination was carried out 
gravimetrically after desiccation (105°C, 3 
h), using a Mettler M3 balance (accuracy 
±1 μg). Nutrient concentrations were 
determined from prefiltered (through a 
0.45 lm Millipore filter) and frozen 
subsamples with a VARIAN Cary50 
spectrophotometer using methods 
described by Innamorati et al. (1990) for 
nitrate (N-NO3), nitrite (NO2–N) and 
ammonia nitrogen (NH4–N).  
After capture ten G. niger were 
assigned to experimental group (3 from 
F1, 3 from F2 and 4 from F3). They were 
immediately subjected to blood collection, 
weighting (69.00 ± 3.00 g) to the nearest 
0.1g (Kern 440-49N) and measuring 
(16.50±2.00 cm) with Scubla mm 600 and 
then they were reintroduced in their 
habitat. The other ten fish were assigned to 
control group (3 from F1, 3 from F2 and 4 
from F3) and were transported to the 
laboratory in a well-aerated tank 
containing 40 L of lake-water. Once they 
arrived in the laboratory (after ten minutes) 
the fish were transferred in 180L tank with 
flowing artificial seawater with the same 
composition of the natural one. The tank 
has been set up one month before the 
experimental start; it had a double bottom, 
a filter system equipped with an electric 
pump through which the tank could be 
well ventilated and cleaned continuously.  
In tank, the fish were acclimated 
for a period of 15 days under natural 
spring photoperiod (sunrise at 06:00 h, 
sunset at 19:00 h) and were fed daily with 
shell-less mussels (Mytilus  
galloprovincialis) crushed in order to 
avoid the possible effect of starvation on 
any of the haematological and haemato-
chemical parameters, but the animals were 
fasted for 24 h prior to blood collection. 
After the acclimate period, fish were 
subjected to blood collection, weighting 
(70.23 ± 2.40 g) and measuring (17.27 ± 
2.40) and water characteristics of tank 
were determined with the same methods 
using to assess water parameters of Faro 
lake.   
On all animals, blood samples were 
collected by caudal vein using a sterile 
plastic syringe (2.5 mL) and transferred to 
special tubes (Miniplast 0.6 ml, LP Italiana 
Spa, Milano) containing EDTA (1.26 
mg/0.6 mL) as an anticoagulant agent. In 
order to avoid changes in the variables 
induced by the manipulation during 
sampling, fish were anesthetized with 2-
phenoxyethanol  that have no effect on 
hematological profile (Velisek et al., 
2007). Samplings were made at the same 
hour of the day for both groups in order to 
minimize circadian variations (Benneman, 
1977). For the assessment of glucose and 
lactate on whole blood a portable blood 
glucose analyzer (ACCU-Chek Active, 
Roche Diagnostics GmbH, Mannheim, 
Germany) and a portable blood lactate 
analyzer (Accusport, Boehringer 
Mannheim, Germany) were used. An 
automated haematology analyzer (HeCo 
D
ow
nl
oa
de
d 
fro
m
 jif
ro.
ir a
t 1
1:0
9 +
03
30
 on
 Th
urs
da
y F
eb
rua
ry 
15
th 
20
18
Iranian Journal of Fisheries Sciences 12(1) 2013                                    223 
___________________________________________________________________________ 
Vet C, SEAC, Florence, Italy) with special 
lysing reagent for fish (SEAC, Code 
71010460), already used to investigate 
haematological profile in G. niger and in 
S. aurata and in (Fazio et al., 2012b, 
2012c), was used to assess the 
hematological profile that involves the 
determination of the Red Blood Count 
(RBC), Haematocrit (Hct), Haemoglobin 
concentration (Hgb), White Blood Cell 
Count (WBC), Thrombocytes Count (TC), 
Mean Corpuscular Volume (MCV), Mean 
Corpuscular Haemoglobin (MCH), and 
Mean Corpuscular Haemoglobin 
Concentration (MCHC). 
An unpaired t-test was used to 
determine significant differences in blood 
glucose, blood lactate and hematological 
parameters between experimental group 
and control group. P value < 0.05 was 
considered statistically significant. Data 
were analyzed using statistical software 
Prism v. 4.00 (Graphpad Software Ldt., 
USA, 2003). Physical  and chemical water 
parameters measured in Faro lake and in 
tank are represented in Table 1.   
 Table 1. Chemical and physical parameters of water investigated in Faro lake and tank  
Parameters Units Groups Value SEM Δ 
Percent 
change 
T °C 
Control 24.80  
0.50 2.0% 
Experiment 25.30 0.10 
pH  
Control 8.00  
0.10 1.0% 
Experiment 8.10 0.00 
Sal ‰ 
Control 32.80  
3.20 8.9% 
Experiment 36.00 0.15 
O2 ml/L 
Control 6.10  
0.20 3.4% 
Experiment 5.90 0.06 
O2 sat% % 
Control 124.60  
0.90 0.7% 
Experiment 123.70 1.02 
TSM mg/L 
Control 3.10  
3.32 51.7% 
Experiment 6.42 1.21 
N-NH4 mg/L 
Control 0.006  
0.025 80.0% 
Experiment 0.031 0.012 
N-NO2 mg/L 
Control 0.004  
0.002 33.3% 
Experiment 0.006 0.004 
N-NO3 mg/L 
Control 0.003  
0.104 97.0% 
Experiment 0.107 0.090 
 
The presence of any substance in the 
water produces changes in their 
quality, which are not always 
favourable to development and 
survival of aquatic organisms. When 
the water quality is affected by 
toxicant, any physiological changes 
will be reflected in the values of one or 
more of the biochemical and 
haematological parameters (Adham, 
2002; Ishikawa et al., 2007). 
Each physical parameter is 
intimately linked with each others, so 
changes in one parameter affected 
other factors and then healthy of 
aquatic organism. Water temperature is 
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the most important environmental 
variable, it together with salinity, 
affects solubility of gases in water and 
so oxygen disponibility. The increase 
of water temperature and salinity are 
strongly linked with the decrease of 
dissolved O2 and then with oxygen 
saturation. For chemical parameters, 
our results showed that TSM, N-NH4, 
NO2–N and N-NO3 have enormous 
differences in percentage between 33.3 
and 97.0% (Table 1). The highest 
levels of some chemical parameters in 
Faro Lake is probably due to the 
phytoplankton blooming, 
photosynthetic activities of aquatic 
plants and microscopic algae. 
Increased in TMS are directly linked 
with large quantity of algae (Osmann 
et al., 2010) that is in turn linked with 
high concentration of NO2 and NO3. 
Nitrite and nitrate is intermediate 
compound of the nitrification process 
and elevated levels during unbalanced 
nitrification can seriously damage fish 
health and may lead to mass 
mortalities (Svobodova et al., 2005). 
Another parameter strongly linked 
with parameters already listed and with 
pH is total ammonia-nitrogen. In 
water, ammonia exists in two forms, 
unionized ammonia (NH3) and 
ammonium (NH4
+
). In Lake NH3 
concentration fluctuates daily because 
of the effect of photosynthesis and 
respiration on pH. On the basis of our 
results on chemical physical 
parameters, we can assume that the 
changes found in our biomarkers were 
strongly due to chemical parameters.  
In G. niger, glucose levels were 
significantly lower (P<0.0003; t (10)= 
5.481) in control group  than in 
experimental group, with a difference 
of 111.87 mg/L. This increase due to 
high percent change in chemical 
parameters between two sites of 
monitoring  is probably linked in an 
attempt to mobilize energy resources 
to cope with stress and maintain 
homeostasis (Ackerman et al., 2006). 
Under stress conditions, hypothalamo-
pituitaty interregnal axis elevated 
blood cortisol which in turn leads to 
glycogenolysis, lypolysis and 
gluconeogenesis to provide energy.  
Also blood lactate exhibited 
decrease (P<0.0001; t (9)= 12.84) in 
control group compared to that of 
experimental (difference of 2.68 
mmol/L). Vedel et al. (1998) showed 
that fish exposed to nitrite accumulated 
it in plasma to approximately twice the 
ambient concentration, and that it is 
associated with a small significant 
increase in blood lactate. In recent 
study, Sinha et al. (2012) showed that 
ammonia exposure induced plasma 
lactate accumulation in Carassius 
auratus.Significantly higher levels of 
MCH and MCHC were recorded in 
control group compared with the 
experimental group (P<0.003; t (18)= 
3.31) with an increase of 7.55 Pg and 
4.04 g/L respectively. Various authors 
(Jee et al., 2004; Saravanan et al., 
2011) showed that in fish exposed to 
different agents, the MCHC and MCH 
values decreased respect to control 
group. MCHC is a measure of the 
concentration of hemoglobin in a given 
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volume of packed red blood cells and 
it is calculated by dividing the 
hemoglobin by the hematocrit. In our 
study two groups showed similar value 
of Hct while Hb decreased in the 
experimental group, even if not 
significantly. So low concentration 
obtained of MCHC in experimental 
group is due to decrease in Hb that 
could be due to its decrease synthesis 
or its oxidation in methemoglobin. 
Some researches showed that the 
major outcome of nitrite poisoning is 
the oxidation of haemoglobin to 
methemoglobin in erythrocytes 
(González et al., 2000; Svobodova et 
al., 2005; Kroupovaa et al., 2008). 
Consequently blood oxygen transport 
is compromised, since methemoglobin 
does not bind oxygen. The decrease in 
MCHC in experimental group could be 
due to swelling of RBC also (Milligan 
and Wood, 1982). Variations of this 
haematological parameter was found 
in previous studies on G. niger 
confirming that blood profile is 
strongly related to environmental 
changes (Fazio et al., 2011; Fazio et 
al., in press). Significant  decrease in 
MCH found in experimental group 
respect to control group could be due 
to high percentage of immature RBC 
in the circulation, as seen by 
Saravanan et al. (2011) in Cyprinus 
carpio exposed to chemicals. 
Decreases in circulating erythrocytes 
in Oreochromis niloticus exposed to 
ammonia were reported by Ahamed et 
al. (1992) and Ishikawa et al. (2007) 
that found the decrease Hct also. The 
results of the present study indicate 
that the highest level of some chemical 
parameters in Faro lake influence the 
haematological profile, glucose and 
lactate levels of G. niger. The 
alterations of these parameters may 
provide an early warning signals for 
the determination of toxic effects of 
chemicals on healthy of fish and to 
ascertain water quality of Faro Lake. 
There is a real need to study the 
interrelationships between the 
pollution of surface waters by a wide 
range of chemicals and diseases in 
natural fish populations, and the 
processes involved. This represents an 
important but at present under-
developed field of scientific research. 
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